I. INTRODUCTION
Sliding-mode control techniques have been proposed as an alternative to PWM control strategies in DC-DC switching regulators since they make these systems very robust to perturbations, namely variations of the input voltage and/or in the load [4] , [6] . These techniques have also been applied to the design of high-efficiency inverters, where a switching DC-DC converter is forced to track, by means of an appropriate sliding-mode control action, an external sinusoidal reference [2] .
The work here reported proposes an autonomous switching surface and a sliding control law for AC signal generation in a Buck converter, where no external reference is needed. The paper is organized as follows: in the first section a sliding surface and a switching control law for the generation of an AC output voltage in a Buck converter are proposed; then the sliding domain in the phase plane is deduced in terms of both the converter and the AC signal parameters. Subsequently, simulation and experimental results are also presented. Finally, the last section summarizes the conclusions of this work.
SLIDING SURFACE AND SWITCHING CONTROL

LAW
Consider the Buck converter depicted in Fig. 1 , where an input bridge has been added to ensure the bipolarity of the AC output.
The system can be represented by the following set of where u is the control input, taking values in the discrete set U E {-lJ} depending on which switches are active, namely U=-1 means input filter voltage equal to -E u=+l means input filter voltage equal to +E The signal iz is the current that flows into de converter
In this work, the desired output is an AC signal defined load.
by:
where the state variable v satisfies the following differential equation a ( x , y ) = x + y -1=o That corresponds to a unit circle in the normalized plane On the other hand, by imposing the invariance condition,
the equivalent control ueq describing the dynamical behavior of the converter over the sliding surface can be obtained, as it can be seen in the next equation where ueq is expressed as a function of v and didt :
(8) 1 .
-. E . ueq =
LC
C dt LC When the load has a reactive component it can be proved that the equivalent control is given by:
; B = O (9) E Zi (s) where Zi(s) is the load impedance. Furthermore the sliding domain will be done, as usual, by -1 < ueq < 1.
From the sliding-mode control technique, the power converter can reach the sliding surface o if
Taking into account the expression of u=ueq given by ( 8 ) and recalling that -l<ueq<l, the switching control law can be defined as:
It can be pointed out that both, the control law and the sliding surface are robust to the variations of the converter parameters, thus leading to a robust scheme.
SLIDING DOMAIN
Finally, the sliding domain into which the sliding motion As it can be seen in Fig. 2 these are three different cases,
In cases A and B the boundaries are straighlines which are depended on Buck parameters and the signal amplitude, offset and frequency. The largest output signal amplitude range is obtained when d L C = 1 , which corresponds to the resonant frequency of the LC-filter. In this case the boundaries straighlines are defined by:
(17) . , A . LW In any case, the design has to ensure no intersections between the sliding surface defined in ( 6 ) and the sliding domain boundaries given by (16). This condition leads to the following expression: which is the same reported in [ l ] and constitutes a design restriction.
On the other hand, an undesired phenomena can arise near the intersection between the sliding surface and the curve of the equilibrium points of the system, defined by 1; =0, when o >O: if the system trajectory reach the curve of equilibrium points before than the sliding surface, the system will remain on the classic regulation operation mode (3 =O). This phenomena can be avoided by modifying the control action in a region of a small width k near the equilibrium curve when o 9, as reported in [ l ] .
IV. SIMULATIONS AND EXPERIMENTAL RESULTS
Due to the nonlinearity of the sliding surface and the phase plane partition leading to the modified control law described in the former section, the control loop has been performed through a look-up table recorded on a EPROM device.
The control loop scheme is depicted in Fig. 3 .
-dv vJ-ETF-l ; u First of all, the variables v and 3 of the Buck converter are scaled according the expression (3, thus enabling a simple design of an externally programmable signal conditioner by means of standard circuitry. The phase plane portrait of the control law, taking into account the modified control action described previously and the expected dynamic range of the variables x and y is shown in Fig. 4 .
From the digitized pairs (x,y) the EPROM output gives the value of the control variable U according to Fig. 4 .
It should be noted, that, with this procedure the EPROM needs to be programmed only once, independently of the output parameter values A, B and o. x=-1.2 x=-1 x=o x=l x=1.2
Fig. 4. Phase Plane XY digitized in the EPROM
The previous control law has been simulated in a Buck converter with the following parameters: L= 18mH, C= 220 pF and E=28 volt. Fig. 5 and 6 show the closed loop system response and the phase plane X Y for different values of the output signal parameters A, B and o , when the load has a reactive component L=100 mH. The amplitude has been changed from 10 to 30 volts, the offset from -5 to 5 volts and the frequency from 300 to 600 rads, simultaneously a pulsating load varying between 40 and 100 i2 at a rate of 150 rads is applied. As it can be seen these results validate the proposed design. To experimentally verify the proposed sliding mode control, an electronic prototype has been implemented. The Buck converter parameters are: L= 5.6 mH, C= 47 pF, R= 100 R and E=28 volt. Figure 7 shows the output voltage when the control is designed to obtain an output voltage amplitude of 12 volts. The phase plane X Y and the dynamic behaviour of X,Y signals are shown in Fig. 8 and 9 , respectively, for a desired output amplitud of 9 volts. Finally, in order to check the robustness of the design the converter has been loaded with a full wave rectifier which acts as a nonlinear load. The measured output voltage and output current in closed loop are shown in Fig. 10 and validate experimentally the design. + . In this paper, a robust sliding-mode control scheme for the design of a Buck-based sinusoidal generator has been proposed. The design procedure presented in this work, suggest both a sliding surface and a switching control law leading to the obtention of a programmable AC output. The theoretical predictions have been validated by means of both simulations and experimental results.
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